Previous work (1) on the nutrition of a strain of Micrococcus glutamicus has clarified that both ferrichrome and amino acids are required to attain a good growth of the bacterium in synthetic medium. Ferrichrome could be replaced by some compounds, including hydroxyaspergillic acid and large amounts of ascorbic or araboascorbic acid. From the common character among these f errichrome replacing substances, the possibility of exhibition of similar effect by chelating agents was suggested.
The work along this line has been developed by some workers (2-4), who found that the effect of autoclaved sugar contained in media was similar to that of chelating agents. Furthermore, in M. glutamicus, large amounts of iron salts also could replace f errichrome.
Accordingly, the present investigation was undertaken to see the effects of chelating agent and autoclaved sugar in medium on the growth of M. glutamicus.
All bacteria reported to produce large amounts of glutamic acid from sugar, including improperly named Micrococcus glutamicus, are coryneform bacteria (5). Accordingly, the investigation was extended to see if the phenomenon observed in a M. glutamicus is observable in other coryneform bacteria.
METHODS

Micrococcus glutamicus
No. 534, a glutamic acid producing bacterium, and its adenine-auxotrophic mutant No. 534-348 were used in this study. The adenine-auxotrophic mutant was used in most experiments since it seemed important that it is capable of accumulating inosinic acid (6). But the nutritional requirements of the strain was almost the same except for the adenine requirement, as will be described in the following section. The following coryneform bacteria were also used: Brevibacterium ammonia genes ATCC 6871, Brev. ammonia genes ATCC 6872, Brev. helvolum ATCC 11822, Brev. vitarumen ATCC 10234, Brev. divaricatum (7) NRRL B 1312 and Corynebacterium rathayi ATCC 13659. The methods employed in this work were essentially the same as described in the earlier paper (1). In the last medium, the growth of the bacteria was good independent on the sterilization method.
In this medium the amount of growth in later mined.
The metal ions contained in the basal medium as trace element were tested.
The result is given in Table 3 . Manganese ion exhibited a strong inhibitory effect.
Copper ion and zinc ion also showed inhibitory effect, but the degree of inhibition was much lower than that of manganese ion. Therefore, further detailed studies were confined to manganese ion. The effect of various concentrations of iron and manganese on growth of the bacterium was tested.
In this experiment the iron and manganese were not added to the medium except those indicated in the Table. As shown in Table 4 Fig. 7 . It may be concluded from these results that magnesium and sulfate ion have almost no effect on the activity of iron salt.
The fact that the growth was decreased by lowering the concentration of magnesium sulfate indicates the requirement for magnesium in the growth of the bacterium.
The result of the experiment on the effect of phosphate ion is given in Fig. 8 . The medium supplemented with potassium chloride (0.14% corresponding to 0.2% dipotassium hydrogen phosphate plus 0.1% potassium dihydrogen phosphate) and the medium supplemented with no potassium chloride were used as basal medium in order to investigate the ifluence of potassium.
The bacterium grew well even in the absence of phosphate when potassium chloride was provided.
The reason for this phenomenon may be explained by the presence of phosphorus in casamino acids. (Amino acid ---KCl (0.14%) was added to basal medium . KCl was not added. 400 g/ml. VOL. 10 Therefore, the similar experiment except that using the amino acid mixture in place of casamino acids was carried out. The result is presented in Fig. 9 . In this case, the bacterium did not grow when phosphate was absent.
The results of both experiments, indicated in Figs. 8 and 9, were similar with respect to the relation between phosphate and iron salt. The growth was increased by decreasing the amount of phosphate until onequarter (Fig. 8) or one-sixteenth (Fig. 9) of the basal medium. Therefore, a mutual action between phosphate ion and iron salt is suggested. But the similar growth response curve to phosphate in both high and low concentrations of iron suggests that the growth inhibition by phosphate is rather a general phenomenon and has no relation to iron salt. The inhibition of growth by an excessive amount of phosphate was experienced also in natural medium containing yeast extract.
But, the inhibition of growth by considerably lower concentrations of phosphate such as 0.1% seems to be noteworthy.
The requirement of the bacterium for potassium was also inferred from these experiments.
Relation between chelating agent and metals As described before, the competition between manganese and iron was established.
Accordingly, two possibilities may be suggested as to the mode of the action of chelating agent on growth of the bacterium : (1) the chelating agent chelates manganese and thereby eliminates the inhibitory effect of manganese on the activity of iron, (2) the chelating agent chelates directly iron and thereby accelerates the utilization of iron. Both mechanisms do not conflict with each other, and there is also the possibility that both mechanisms play a role at the same time.
But, it may be desirable to determine which mechanism is of principal one.
In the first place, rutin was used as chelating agent and growth of the bacterium was tested at various concentrations of manganese and rutin.
The result of the experiments are shown in Table 5 . The effect of of rutin was almost the same at all concentrations of manganese (0.'1.28,ug per ml) though the growth at low manganese concentrations was slightly higher than at high manganese concentrations.
In a similar experiment, growth with 16,ug rutin per ml was not inhibited by 5.12g mangnese per ml. However in these experiments, contaminating manganese was not ruled out.
Therefore, a precise discussion is impossible, but the following conclusion may not be grossly in error, considering the later observation about the relation between rutin and iron. Although the effect due to the chelation of manganese can not be excluded, the effect does not seem to be the principal cause of the activity of rutin on the growth of the bacterium.
A similar conclusion was also obtained with kojic acid. If a chelating agent chelates directly iron and thereby accelerates the utilization of iron, the synergistic action between low concentrations of iron and chelating agent may be expected.
Accordingly, the growth of the bacterium was tested at various concentrations of iron and rutin. As shown in Fig. 10, a The result of the experiment with Brev. divaricatum NRRL B1312, a strain of glutamic acid producing bacterium, is given in Fig. 11 . In basal medium, growth was hardly noticeable at 26 hr and only a little growth occurred at 48 hr when glucose was separately autoclaved.
In the medium supplemented with iron salt, the bacterium grew rapidly even when glucose was separately autoclaved, though the amount of the growth was less than that in the medium supplemented with both iron salt and casamino acids.
With the medium supplemented with only casamino acids, the onset of the growth was delayed, but the bacterium grew considerably in 48 hr. Rapid and good growth occurred in the medium containing both iron salt and casamino acids. When glucose was autoclaved in the medium, the growth in the basal medium was almost the same with that in the medium supplemented x --x Rutin was not added, Q-------A Rutin 2pg/ml, • 4pg/ml, A----0 8uc/ml. n----0 16cc/ml, n-------n 32cc/ml. The results of the experiments with two strains of Brev. ammonia genes are shown in Figs. 12 and 13. The growth of the strain ATCC 6872 in the medium supplemented with iron salt was rather poor when glucose was autoclaved in the medium.
Also in the strain ATCC 6871, the influence of the growth inhibitory factor caused by the autoclaved glucose in the medium was manifested at later stage of growth (48hr). Probably owing to this influence, the promotion of growth by autoclaved glucose in the casamino acids-supplemented medium could not be found. However, the growth promoting effect by autoclaved glucose in the medium was clearly noticed in the basal medium. Fig. 14 gives the result of the experiment with Corynebacterium rathayi ATCC 13659. The bacterium did not grow unless both casamino acids and iron salt or the factor produced by autoclaving glucose in the medium were present.
Brev, vitarumen ATCC 10234 scarcely grew even in the presence of both iron salt and casamino acids and seems to have further requirement for some other growth factor.
However, as indicated in Table 6 , slight growth occurred in the medium containing both iron salt and casamino acids.
Slight growth also occurred in the medium containing casamino acids when glucose was autoclaved in the same medium. Consequently, these factors may be effective when other requirement is satisfied. In Brev. helvolum ATCC 11822, as shown is 
DISCUSSION
From the observation described above, it was confirmed in M. glutamicus and three of the four species of corynef orm bacteria tested that a large amount of iron salt or some chelating agents are necessary for, or promote the growth of the bacteria.
These compounds were replaced by the factor produced by autoclaving glucose in the medium.
Some species of Arthrobacter (8, 9) and Microbacterium (10,11) are known to require specifically sideramine, a group of iron: chelated or chelating compounds, for their growth. M, glutamicus is a corynef orm bacterium though it was improperly named.
In view of these facts, the phenomenon observed first in M. glutamicus seems to be uncommon in corynef orm bacteria.
Furthermore, the effectiveness of autoclaving sugar in the medium is known in some other bacteria (2). And in Bacillus globigi the factor produced by autoclaving sugar in the medium was found to be a kind of chelating agent and some known chelating agents were also found to be active (3, 4). Recently, some iron-chelated or chelating compounds have been found as growth factors of microorganisms.
Terregens factor (12), f errichrome (13), coprogen (14), f errioxamines (15) and mycobactin (16) belong to a group of compounds called sideramine (15). Some microorganisms have been found to absolutely require these compounds and can be called un-autosequesteric organisms (17). The requirement for f errichrome, a sideramine, of the bacterium studied in present work was not specific, and the requirement was satisfied by other chelating agent or a large amount of iron salt or the factor produced by autoclaving sugar in the medium. The influence of these factors on the growth of microorganism and the competition between metals must be emphasized.
The synergistic action between iron and citric acid was noticed previously (1). The synergistic effect between iron and 8-hydroxyquinoline was also noticed by a similar experiment as described above. On the other hand, some chelating agents were found to be ineffective in the bacterium used in present study.
Therefore, the specificity of chelating agent and microorganism must be considered. According to LANKFORD et al. (3) , the chelation of manganese seems to be important factor in the case of Bacillus subtilis. With M, glutamicus in basal growth medium used here, the utilization of iron is suggested to have fundamental significance.
The following observations also support this consideration, the effectiveness of f errichrome and a large amount of iron salt, and the VOL. 10 relationship between rutin and iron. The non-effectiveness of EDTA may be explainable by its non-specificity in chelating various metals. If the essential element is chelated so that the utilization or uptake of the element is inhibited, growth of the bacterium may be inhibited. The inhibition of growth by an excessive amount of 8-hydroxyquinoline, tannic acid and pyridoxal, observed, may be explainable by this theory. The bactericidal effect of chelating agent have been explained as such (18).
SUMMARY
Growth response of a strain of Micrococcus glutamicus to ferrichrome or related compounds, a large amount of ascorbic acid and iron salt were further studied with the consideration about the relationship betweenn these substances, and following results were obtained.
(1) Rutin and 8-hydroxyquinoline supported the growth at very low concentrations, and the effectiveness of some other chelating agents was confirmed.
(2) The growth of the bacterium was supported also by autoclaving glucose in the medium, and the active factor produced in the medium was speculated to be a chelating agent in view of other literature reports. (3)
The effect of iron salt is specific and could not be replaced by other metals.
(4) A very minute amount of maganese specifically competed with iron in supporting the growth of the bacterium.
(5) Synergistic action between iron and rutin was noticed, while the mutual action between manganese and rutin was obscure.
From these results, the mode of the action of these growth supporting compounds were suggested as follows.
In the basal medium, manganese competes the iron and retards the utilization of iron by the bacterium. The iron in the medium can be utilized by chelation with some chelating agent.
The chelating agent also accelerates the utilization of iron by excluding the harmful action of some metals (for example, manganese, copper and zinc) by chelating them.
Autoclaving glucose in the medium produces a chelating agent which acts in the same manner as described above.
A large amount of iron salt overcomes the action of manganese and supports the growth of the bacterium.
The effect of iron salt or some chelating agent or autoclaving glucose in the medium was also confirmed in some other coryneform bacteria.
From these results, the singnificance of chelating agents in the growth of microorganisms was discussed.
(1) 
